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Protein-calorie malnutrition is prevalent in hemodialysis
(HD) patients. The prevalence of obesity in healthy Korean
adults has increased rapidly during the last 10 years. However,
there are few large scale data collections available about the
current weight status of Korean HD patients. The weight
statuses of 10,304 HD patients (data from the Insan Memorial
Dialysis Registry 2002, Korean Society of Nephrology) were
compared to those of 12,436 control subjects (age > 18) by
using body mass index (BMI). Weight status was assessed by
WHO classification for Asian-Pacific region [underweight
(UW): < 18.5; normal weight (NW): 18.5-22.9; overweight
(OW): 23-24.9; obese (OB): 25-29.9; and extremely obese
(EOB): > 30 kg/m
2] in both the control and HD patients. HD
patients had significantly lower body weight and BMI than the
controls in all age groups and in both sexes. For the male
controls, the proportions of OW and OB showed a reversed
U-shape, peaking at the 5th and 6th decades. of the numbers
of those classified as NW and UW were relatively small. For
the female controls, the proportions of OW and OB progres-
sively increased with age. On the contrary, in HD patients, the
proportions of NW and UW were large, up to more than 70%,
and those of OW and OB were small in both sexes. In each
age group, UW was seen significantly more in the HD group
than in the control group. The 6th decade age group showed
the highest prevalence ratio for UW in the HD group for both
sexes, compared to the controls (Male: 17.33, Female: 17.68).
The percentages of UW were related to HD duration and age
in both sexes. In conclusion, Korean HD patients seem to have
small proportions of OW and OB, compared to the general
population, and protein-calorie malnutrition may still be an
important nutritional condition.
Key Words: Body mass index, chronic kidney failure, anthro-
pometry, renal dialysis
INTRODUCTION
Obesity has become a serious public health
problem in the western world. Results of the
National Health and Nutrition Examination Sur-
vey (NHANES) 1999-2000 indicated that ap-
proximately 64 percent of US adults were either
overweight or obese, defined as having a body
mass index (BMI) of 25 kg/m
2 or more.
1 Over-
weight and obese individuals are at an in-
creased risk for physical ailments such as hyper-
tension, diabetes mellitus, and coronary artery
disease.
2
On the other hand, it has been known that
malnutrition is highly prevalent from 23 to 73%
in end-stage renal disease (ESRD) patients un-
dergoing hemodialysis (HD).
3-7 ESRD patients
have a lower mean BMI than the general popu-
lation.
8,9 Indeed, ESRD patients are prone to mal-
nourishment due to many causes, including in-
adequate protein and energy intake, inadequate
dialysis, metabolic acidosis, inflammation, and
comorbidities.
10 Therefore, malnutrition has been
known as a predictor of mortality in ESRD
patients.
11,12
However, recent studies of Western populations
suggest that the proportion of overweight or
obese patients has increased in HD patients, simi-
lar to the trend seen in the general population.
13,14
Due to the acceptance of western-style eating
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habits, obesity has also been rapidly increasing in
Korea for the past 10 years.
15 However, there is
little specific information about whether the
current weight statuses of Korean HD patients are
similar to that of the Korean general population.
There have been several reports on the weight
status of Korean HD patients,
16-19 although the
number of subjects were limited. This study
investigates the weight statuses of Korean HD
patients through a large-scale comparison of the
collected anthropometric data of HD patients to
those of a control group.
MATERIALS AND METHODS
Subjects
We used the complete anthropometric data of
10,304 HD patients from the 'Insan Memorial Dial-
ysis Registry' of the Korean Society of Nephro-
logy (KSN) 2002.
20 These data was compiled
yearly starting in 2001 electronically over the In-
ternet from HD centers in Korea. The response
rate was 66.8% in 2002. Among these accumu-
lated data from 2001 to 2002, the most recent
follow-up data were selected among serial input
data of each patient, because we determined this
data would be the most stable. These data set
represented 79.2% of all data. Data that had in-
complete anthropometric information were ex-
cluded. We did not have information as to
whether these patients were still undergoing HD
at the time of input, transferred to peritoneal
dialysis or underwent kidney transplantation, or
died. This is because a large proportion of HD
patients start dialysis at a university medical cen-
ter, and then continue at another facility after a
short initiation period. After transfer, patient
information could no longer be collected due to a
lack of cooperation on the part of the private
facilities.
Among subjects who underwent health scre-
enings from March 2002 to February 2004 at the
health promotion center of Inha University Hos-
pital in Inchon, Korea, 12,436 who were dia-
gnosed as normal were selected as the controls.
Subjects who had hypertension, diabetes mellitus,
cancer, chronic obstructive pulmonary disease,
hyperthyroidism, serum creatinine > 1.4 mg/dl,
positive urine protein or blood by dipstick, or
were younger than 18 years of age were ex-
cluded.
Weight classification
The World Health Organization (WHO) classi-
fication for the Asia-Pacific region was used as a
reference for weight classification.
21 BMIs of <
18.5, 18.5-22.9, 23-24.9, 25-29.9, and 30 kg/m
2
are classified as underweight (UW), normal
weight (NW), overweight (OW), obese (OB), and
extremely obese (EOB), respectively.
Statistical analysis
Data are expressed as mean values ± S.D. The
control and HD groups had different distribu-
tions of BMI. Therefore, to compare weight
statuses between the two groups, we classified
patients according to age: 29, 30-39, 40-49,
50-59, 60-69, and 70 years. Duration of HD
was classified as < 1 year, 1-3 years, 4-6 years,
7-9 years, and 10 years. Within each sex and
age group, mean values of height and body
weight between two groups were compared
using an independent T-test with Levene's test
for equality of variances. Median values of BMI
between two groups were compared using the
Mann-Whitney U test. Chi- squared tests were
used to examine the prevalence ratio and a 95%
confidence interval was used to compare the
proportion of UW in HD patients against the
controls in each age group. For the HD patients,
5 classes of HD duration were transformed to
continuous numbers from 1(HD duration < 1
year) to 5 (HD duration 10 years) and a linear
curve was estimated between the proportion of
UW and HD duration. Spearman correlation
coefficients were also used for correlation an-
alysis between the proportion of UW and HD
duration. A p-value less than 0.05 was considered
significant throughout the statistical analysis. All
analyses were conducted using SPSS 12.0 (SPSS,
Inc., Chicago, IL, USA), and the graphs were
made using SPSS and KaleidaGraph 3.6 (Synergy
Software, Reading, PA, USA).Seoung Woo Lee, et al.
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RESULTS
Anthropometric characteristics
Table 1 shows the distribution of subjects ac-
cording to age group and sex. In the controls, the
numbers peaked at the 5
th decade for both sexes.
In HD patients, the numbers peaked at the 7
th
decade in males and the 6
th decade in females. In
spite of the differences in the distribution of
numbers, body weights were significantly lower
in HD patients of all age groups, regardless of
sex (Table 2). For males, heights were signifi-
cantly higher in the controls than in the HD
patients until the ages reached the 6
th decade.
The male height differences for controls and HD
patients were reversed after the 7
th decade. In
females, heights were significantly higher in the
controls than in HD patients up to the 4
th dec-
ade. The heights were similar at the 5
th decade,
and then, were reversed after the 6
th decade.
Median values of BMI were significantly lower in
all age groups of HD, regardless of sex (Fig. 1).
In particular, the greatest difference in the BMIs
between the controls and HD was seen in the
oldest female age group.
Table 1. Distribution of Subjects According to Age Group
Age (years)
Male Female
Control HD Control HD
29 434 370 369 204
30 - 39 1,902 846 1,128 548
40 - 49 2,774 1,230 1,538 982
50 - 59 1,583 1,299 1,107 1,121
60 - 69 720 1,322 639 1,092
70 127 652 115 638
Total 7,540 5,719 4,896 4,585
HD, hemodialysis.
Table 2. Comparison of Height and Body Weight between the Control and HD Patients According to Age and Sex
Sex
Age
(years)
Height (cm) Body weight (kg)
Control HD p value Control HD p value
Male 29 174.9 ± 5.1 170.1 ± 8.5 0.000 71.3 ± 11.8 59.5 ± 11.0 0.000
30 - 39 172.2 ± 5.4 170.5 ± 6.2 0.000 71.7 ± 10.2 61.3 ± 9.4 0.000
40 - 49 170.3 ± 5.3 169.0 ± 5.9 0.000 70.9 ± 9.2 61.5 ± 8.9 0.000
50 - 59 168.5 ± 5.4 167.9 ± 5.8 0.003 69.3 ± 8.8 60.3 ± 8.5 0.000
60 - 69 166.7 ± 5.8 167.3 ± 6.0 0.025* 66.3 ± 9.0 59.9 ± 8.4 0.000
70 165.0 ± 5.5 166.5 ± 6.5 0.007 62.7 ± 9.2 57.8 ± 8.6 0.000
Female 29 161.1 ± 5.2 158.5 ± 6.4 0.000 54.1 ± 8.0 48.0 ± 7.5 0.000
30 - 39 159.2 ± 4.9 158.3 ± 5.0 0.001* 55.8 ± 8.0 49.9 ± 8.8 0.000
40 - 49 157.2 ± 5.0 157.1 ± 5.0 0.58* 57.6 ± 7.8 51.8 ± 8.6 0.000
50 - 59 155.6 ± 5.2 156.5 ± 5.0 0.000 59.5 ± 8.1 51.9 ± 7.9 0.000
60 - 69 153.1 ± 5.3 154.8 ± 5.2 0.000 58.2 ± 8.0 51.0 ± 8.4 0.000*
70 150.7 ± 5.4 153.1 ± 5.4 0.000 55.2 ± 9.1 49.0 ± 8.4 0.000
HD, hemodialysis.
*p-values of Levene’s test for equality of variances were less than 0.01.Anthropometric Data of Hemodialysis Patients in Korea
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Weight status according to the WHO
classification
Fig. 2 shows the weight status distribution for
the controls and HD patients. The proportions of
OW and OB in the male controls showed a re-
versed U-shape, peaking at the 5
th and 6
th dec-
ades, and those of NW and UW were relatively
small. In the female controls, the proportions of
OW and OB increased progressively with age. On
the contrary, the proportions of NW and UW in
HD patients were large, up to more than 70%, and
those of OW and OB were small in both sexes.
When the comparison was restricted to the
proportion of UW, UW was seen significantly
more in HD patients than in the controls for each
age group (Table 3). HD patients in their 6th
decade showed the highest prevalence percent-
ages UW in HD for both sexes (Male: 17.33,
Female: 17.68).
Fig. 1. Distribution of median BMI values between the
control and HD patients according to sex.
Fig. 2. Weight status between the controls and HD patients according to age.Seoung Woo Lee, et al.
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Proportion of UW according to the age group and
duration of HD in each sex
The largest proportion of HD duration was 1 to
3 years, followed by 3 to 5 years and less than 1
year for both sexes (Fig. 3). The percentages of
UW were linearly related to HD duration in both
sexes (Fig. 4).
DISCUSSION
This study presents new information about the
current weight statuses of Korean HD patients,
compared to control subjects. HD patients had
significantly lower body weight (BW) and a
higher prevalence of UW than the controls across
all age groups and in both sexes. In the control
group, the proportion of OB was large enough to
occupy almost 40% at the peak age group. The
prevalence ratio of UW was greatest at the 6
th
decade of age in HD patients. The proportions of
OW and OB were small in HD patients of all ages.
The percentages of UW were linearly related to
HD duration in both sexes.
Due to increased acceptance of Western eating
habits, obesity has recently become a serious
health problem in Korea. According to Kang and
Kim,
22 the prevalence of obesity (BMI > 25 kg/
m
2) among healthy Korean adults has increased
rapidly over the past 10 years, representing about
33.1% in 2000. The proportion of UW has de-
creased to less than 5% in the Korean general pop-
ulation. In that study, BMI was shown to increase
Table 3. Prevalence and Prevalence Ratio of UW of HD, Compared to the Controls for Each Age Group
Sex Age (years) Group Prevalence of UW (%) Prevalence ratio 95% CI lower-upper
Male 29 Control 4.4
HD 22.7 6.4 3.8 - 10.8
30 - 39 Control 2.6
HD 15.6 7.0 5.0 - 9.8
40 - 49 Control 1.4
HD 11.5 9.4 6.5 - 13.5
50 - 59 Control 0.8
HD 12.5 17.3 9.8 - 30.6
60 - 69 Control 2.2
HD 13.6 6.9 4.1 - 11.7
70 Control 7.1
HD 19.3 3.1 1.6 - 6.4
Female 29 Control 20.9
HD 46.1 3.2 2.2 - 4.7
30 - 39 Control 10.6
HD 33.9 4.3 3.3 - 5.6
40 - 49 Control 3.5
HD 20.5 7.1 5.2 - 9.7
50 - 59 Control 1.3
HD 18.5 17.7 10.2 - 30.6
60 - 69 Control 2.0
HD 19.4 11.6 6.6 - 20.5
70 Control 3.5
HD 24.3 8.9 3.2 - 24.5
HD, hemodialysis.Anthropometric Data of Hemodialysis Patients in Korea
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until the 5
th decade in men, and then decrease,
showing a reversed U-shape. In females, BMI
increases until the 7
th decade, and then decreases.
In this study, the control group showed the same
BMI trends according to age groups, thus sug-
gesting that anthropometric characteristics of the
control group reflect those of the general Korean
population.
Among Korean HD patients however, this
study showed that UW was still prevalent and
that OB was not seen in great proportions. There
have been several studies about the nutritional
status of Korean HD patients over the past 15
years. Kim et al. reported that, among 88 HD
patients, the percentage at their ideal body weight
was 99.8 ± 11.4% in males and 100.8 ± 14.5% in
females.
16 Han et al.
17 reported that the mean BMI
of 67 HD patients was 21.2 ± 2.6 kg/m
2. Among
those patients, BMI of those with good nutritional
status was 22.7 ± 2.4 kg/m
2 and those suffering
malnutrition was 20.3 ± 2.4 kg/m
2. Kim et al. re-
ported that, among 54 HD patients, 44.4% had
normal BMI (22.97 ± 2.92 kg/m
2), 38.9% were
mildly to moderately malnourished (20.04 ± 1.94
kg/m
2), and 16.7% were severely malnourished
(19.03 ± 1.25 kg/m
2) by subjective global assess-
ment.
18 Lee et al. reported that the mean BMIs of
males and females were 20.87 ± 2.21 kg/m
2 and
21.57 ± 3.37 kg/m
2, respectively, among 50 HD
patients.
19 The number of subjects in these studies
were small, but most of the HD patients belonged
to NW or UW by WHO weight classification. Our
results were similar to these studies. Therefore,
during the past 15 years, no significant improve-
ment in weight status has been seen in Korean
Fig. 4. Relationship between the proportion of UW and
HD duration for each sex. Linear equation, UW = 2.69×
HD duration + 7.63, in male (R
2 = 0.72). 2.15×HD dura-
tion + 17.79, in female (R
2 = 0.72). in which 5 classes of
HD duration were transformed to a continuous number
from 1 to 5. Spearman correlation coefficients between
HD duration and the proportion of UW were 1.0 for
males and 0.975 (p = 0.005) for females.
Fig. 3. Distribution of HD duration according to age and sex.Seoung Woo Lee, et al.
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HD patients.
However, recent data from US and Europe sug-
gested that, in parallel with the increasing over-
weight and obesity in the general population,
there was a greater proportion of overweight or
obese patients in the dialysis population.
13,14 The
weight statuses of 9,714 HD patients in the US
and Europe showed that 60% had a BMI of > 23
kg/m
2 and about 16% had a BMI of < 20 kg/m
2.
13
In another study, mean BMIs were lower in
younger Caucasian HD patients but increased to
become similar at around 40-60 years of age, and
then decreased after the age of 60 in HD patients
when compared to the general population.
14 In a
Spanish study,
23 38% of 190 HD patients had a
BMI of > 25 kg/m
2. When the weight statuses of
dialysis patients were evaluated at the time of
kidney transplantation, OW and OB were preva-
lent and the most common nutritional condition
was eclipsing protein-energy malnutrition.
24
Therefore, a considerable proportion of patients
seems to be OW or OB in the western HD pop-
ulation, a striking contrast to the results of this
study. We used only anthropometric variables for
the assessment of weight status. We did not have
information regarding hydration status. Therefore,
the weight of some subjects classified as NW
might have been overestimated as a result of
edema. Considering these facts, our study sug-
gests that, while obesity has been a problem in the
Korean general population, protein-calorie malnu-
trition is still a significant problem in the Korean
HD population.
It is extremely important to know why Korean
HD patients' weight statuses did not improve as
the general population was rapidly becoming
OW or OB. The characteristics of these HD
patients point to several possible causes. First,
the number of patients undergoing long-term
HD has been gradually increasing. Those with
HD duration >5 years were 36% in Insan Memo-
rial Dialysis Registry 2003.
25 HD duration was
already suggested as one of the causes of malnu-
trition.
26,27 Our results agree with these reports.
Long-term HD patients might have inadequate
energy intake and micronutrient deficiencies.
27
Second, the proportion of diabetic patients has
been constantly increasing, as they account for
almost 50% of new ESRD patients.
25 It is known
that diabetic patients are more likely to be mal-
nourished and have more comorbid conditions
than others.
7,28,29 Third, the average age of HD
patients is rising. After 2002, the largest per-
centage of HD patients belonged to the 7th
decade of age.
25 Several studies have shown that
in Western populations, older patients are at a
higher risk of developing protein-energy malnu-
trition than those younger.
7,30 Our results also
showed that older patients were more likely to
be classified as UW than others. This might be
due to the fact that elderly patients have greater
difficulty purchasing and preparing food, have
reduced appetites, suffer intercurrent illnesses,
and have decreased mobility and cognitive func-
tions.
31 Fourth, HD patients might suffer inade-
quate protein and energy intakes. Their protein
intake, estimated from the normalized protein
catabolic rate (0.927 ± 0.251 g/kg/day for males
and 1.074 ± 0.307 g/kg/day for females),
25 was
still lower than the recommended daily protein
intake (1.2 g/kg/day).
32
There were several limitations in this study. In
the present study, we simply used BMI for the
classification of weight status. BMI may not accu-
rately reflect body composition. However, among
several anthropometric variables, BMI is a simple
and easy method to calculate a standardized mea-
sure of body size. It is widely used in epidemiolo-
gic research to define both a normal range for body
size and a grading of overweight and obesity.
33,34
It is also known as a predictor of mortality in HD
patients.
6,35 We did not investigate the differences
of weight status between DM and non-DM HD
patients. We are planning to study the charac-
teristics of diabetic HD patients in Korea.
In summary, Korean HD patients seem to have
different weight statuses when compared to west-
ern HD populations. Also, protein-calorie malnu-
trition may still be an important nutritional
condition.
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